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ABSTRACT 


Program SEPSIM is a FORTRAN program which performs 
deployment, servicing and retrieval missions to synchronous equatorial 
orbit using a Space Tug with a continuous low thrust upper stage known 
as a Solar Electric Propulsion Stage (SEPS). The SEPS ferries payloads 
back and forth between an intermediate orbit and synchronous orbit, and 
performs the necessary servicing maneuvers in synchronous orbit- The 
Tug carries payloads between the Orbiter and the intermediate orbit, 
deploys fully fueled SEPS vehicles, and retrieves exhausted SEPS vehicles 
when and if required. 

The program is presently contained in subroutine form in the Logistical 
On-orbit VEhicle Servicing (LOVES) Program, but can also be run 
independently with the addition of a simple driver program. 
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1. INTRODUCTION 


SEPSIM (Solar Electric Propulsion Stage Simulation) is the name given to a 
group of FORTRAN subroutines contained in the Logistical On-orbit VEhicle 
Servicing (LOVES) Program. The function of these subroutines is to determine 
the performance capability of a specified Space Tug/Solar Electric Propulsion 
Stage (SEPS) combination for any number of deployment/servicing /retrieval 
missions to synchronous equatorial orbit. 

The high thrust Space Tug operates in the low altitude regime while the low 
thrust SEPS operates at high altitudes (above 8000 n mi) only. The payload 
to be deployed is carried by the Tug from the Orbiter to an intermediate 
orbit. The payload to be retrieved is carried from synchronous orbit by the 
SEPS to the same intermediate orbit, where the two vehicles rendezvous and 
exchange payloads. The SEPS delivers its new payload to synchronous equa- 
torial orbit, while the Tug returns its new payload to the Orbiter. The 
constituents of the deployed payload weight are distributed as required in 
synchronous orbit by phasing maneuvers performed by the SEPS. The SEPS 
is assumed to operate in the ’’ground-based mode"; that is, the SEPS is 
initially launched with a specified amount of fuel, and when that fuel is ex- 
hausted (or nearly so) the SEPS is either returned to Earth for refurbishment 
or abandoned in space. 

In normal usage a call is made to the executive subroutine of SEPSIM 
containing information on the mission to be flown (e. g, , weight to be deployed, 
weight to be retrieved, servicing maneuvers to be performed in synchronous 
orbit). The program determines the optimal (minimum SEPS fuel) inter- 
mediate orbit at which changeover should occur based upon the characteristics 
of the Tug and SEPS vehicles which are stored in a COMMON area. Program 
outputs include intermediate orbit altitude and inclination, SEPS ascent and 
descent times, and SEPS fuel remaining at the end of the mission. 
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SEPSIM is designed to be called for a number of missions in series. This 
is the manner in which the routines are used in the LOVES Program and, 
if it is desired to run SEPSIM separately from LOVES, a simple driver can 
be coded for this purpose. In this usage, the time and fuel remaining on a 
SEPS vehicle are monitored and Tug flights are automatically initiated to 
launch new SEPS vehicles as required and return expended ones, if required. 
Missions which are found to be within the capability of the Tug alone are 
performed without the aid of SEPS, and payloads which cannot be boosted 
to a circular orbit of at least 8000 n mi altitude by the Tug are not launched 
since the SEPS is not allowed to operate in the region of the Van Allen 
radiation belts (due to rapid solar cell degradation). 

The overall method of solution is outlined in Section 2 and program usage 
is discussed in Section 3. Appendix A contains simplified program flow- 
charts, while more detailed logic flow can be derived from the program 
listing in Appendix B. A sample output is presented in Appendix C which 
displays various options which are available to the user. 
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2. METHOD 


The simulation of Space Tug/SEPS operation is performed using the 
following set of subroutines: (flow charts for the two main subroutines 

are included in Appendix A and listings for all subroutines are contained 
in Appendix B ) 

SEPX: This is the executive routine of SEPSIM. In it the decisions 

are made as to when a new SEPS must be launched or retrieved, 
whether the given deploy and retrieve payloads can be handled in a 
single Tug/SEPS encounter, or whether additional Tug flights are 
required to support the mission. This logic has been kept separate 
from the SEPS performance equations to facilitate logic changes to 
incorporate mission modes other than the ’’ground based mode” which 
is presently baselined. 

SEPIM: In this routine the performance of the Tug/SEPS combination 

is computed by calls to more detailed performance subroutines. The 
delivery, servicing, and retrieval of payloads is accomplished and the 
fuel and time remaining on the SEPS are decremented accordingly, 

TUGCP: This subroutine calls the appropriate Space Tug configuration 

to determine the Tug capability. Presently only a single stage cryo- 
genic Tug performance model (CRYOl) is available. 

CRYOl: In this routine the AV capability of a single stage cryogenic 
Space Tug carrying the required deploy and retrieve payloads is 
computed. The Tug is initially either filled with propellant or filled 
to the gross weight limit of the Shuttle, Impulsive AV's are assumed 
with a specified performance reserve to allow for finite burn effects 
and propellant margin. 
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INTORB: From the AV which can be supplied by the Tug, this routine 

computes the optimal (minimum SEPS fuel required) changeover orbit 
altitude and inclination. This is done by a table lookup procedure, 
since the optimization study for a synchronous equatorial mission orbit 
has been previously accomplished in a manner which is dependent only 
upon the AV which can be supplied by the Tug. 

SEPDV: Given the optimal changeover orbit calculated by subroutine 

INTORB, SEPDV determines the AV (and corresponding mass ratio) 
which must be expended by the SEPS. Edelbaum’s simplified equations 
for low thrust vehicles are used in calculating the AV required. Again, 
a performance reserve factor is provided. 

PLiUPD: With the mass ratio from subroutine SEPDV, this routine 

decrements both the propellant on board and the SEPS remaining 
lifetime for each payload carried up or down by the SEPS. 

FAZS: This subroutine performs the on-orbit servicing maneuvers 

using the SEPS and decrements the fuel and lifetime of the SEPS 
accordingly. 


Edelbaum, T. N, , “Propulsion Requirements for Controllable Satellites", 
ARS Journal , pp. 1079 - 1089* (August, 1961), 
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3. USAGE 


3. 1 GENERAL INPUT: 

SEPS configuration: 

MS SEPS structural weight (lbs) 

E solar electric propulsion efficiency 

P solar cell power used for thrust (watts) 

SISP SEPS specific impulse (sec) 

SEPK = 0» SEPS is expendable when fuel is depleted 

= 1« SEPS is reusable 

SR SEPS performance reserve factor 

TSEP thrusting time available on a fully fueled SEPS (days) 

;Je 

MPT mass of propellant onboard (lbs) 

5i< 

TLEPT corresponding thrusting time (days) 

Tug configuration: 

TYPE Hollerith description of Tug 

NSTG number of stages (present code accepts only NSTG = 1) 

SPAR (3) indicates whether each stage is solid (=1) or liquid (=0) 

(present code assumes SPAR = 0» 0, 0) 

WS (3) structural weight of each stage (lbs) 

WPA (3) allowable propellant weight for each stage (lbs) 

EISP (3) effective ISP for each stage (sec) 

REUSE (3) indicates whether each stage is reusable ( = 1,) or 
expendable (=0. ) 

WGA maximum gross weight of Tug and payloads 

which is allowed by the Orb iter (lbs) 

TR Tug performance reserve factor 

If the SEPS is to be fully fueled initially, then the program calculates 
these values from the TSEP input. 
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Servicing information: 

NSERV number of on-orbit satellite servicing legs 

(maximum =10) 

DTHETA (10) angular phasing maneuver performed for each 
service leg (deg) 

MPLS (10) payload weight carried on each servicing leg 

3.2 SPECIFIC INPUT: 

MPLA weight of payload to be deployed (lbs) 

MPLB weight of payload to be retrieved (lbs) 

ERFLG = 0 do not erase previous maneuver 
= 1 erase previous maneuver 
NEXIT set to zero on DATA card of driver program. 


3. 3 OUTPUT: 

NTUGS number of Tug flights required to do the mission and 
return the expended SEPS if required 
TLEFT SEPS life remaining after accomplishing the mission (days) 

MPT SEPS fuel remaining after accomplishing the mission (lbs) 

HCO optimal changeover orbit altitude (n mi) 

ICOS optimal changeover orbit inclination (deg) 

TU time required by SEPS for ascent maneuvers (days) 

TS time required by SEPS for on-orbit servicing maneuvers 

(days) 

TD time required by SEPS for descent maneuvers (days) 
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APPENDIX A 


SEPX General Flow Chart 


Input: MPLA - Deployed P/L 

MPL.B - Retrieved P/L 

ERFLG - 0 = don't erase previous maneuver 

1 = erase previous maneuver 

Output: NEXIT - Type of exit from the program 

i, e, , mission possible or not, 

NTUGS - Number of tugs required for mission 

TLEFT, MPT - Time and fuel left on SEPS vehicle in orbit. 
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SEPIM General Flow Chart 
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sequence 

( = 1 for SEPS final mission, 
= 0 otherwise) 


= 1 if SEPS is 
retrieved 


A-5 
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S-POX (MPLA ♦ MPL B*ERFUG^ NFXIT ) 

c-py the "xective poutinf if perfophs the 

LOGIC CP’ UTILIZING O'' THE SF^S VFHICLH 

S'^ECFTP input 

MPtft PAYLOAD TO RE DEPLOYED 

mplr payload to P- RFTRIEVEO 

EPPLG Q = DO MOT EPASF PREVIOiiS MANEUVER 
1 - EPAEE THE PPEVTOUE MANEUVER 
NEXT! GET TO 0 ON DATA CAPO OF DRIVER 

COMMON INPUT (SEPVEH) 

MS 

MPT AMOUNT OF FUEL REMAINING 
TtFFT AMOUNT OF TIME REMAINING 

F 

P 

STEP SPECIFIC IMPULSE SEPS 

MDT 

PTCAP 

TSEP 

PSEP 

5G GRAVITY CONSTANT 

OUTPUT 

NEXIT tydf of EXIT FROM SEPIM SURROUTTNE 
NTUGS NUMBER OF TUG FLIGHTS P.EOUIREO TO DO THE 
MISSION ANO RETURN THE EXPENDED SEPS, IF 
ANY. NTUGS WILL 8E PETWEEN 1 AND 3. 

TLFFT TIME AND FUEL REMAINING ON SEPS VEHEHICLE 
MPT IN ORBIT 

NOTE? CAPOS MARKED tPEDOTt CAUSF PROGPAM TO RECYCLE 
FOP NEXIT=3. THESE CARDS SHOULD REMOVED FOR 
NON BATCH USAGE , SUCH AS LOVES PROGRAM. 
C0MM0N/TUGVFH/TYPF,NSTG, SPAR (31 ,WS(3J,WPA(3),ETSPC3) 

X , REUSE (3) , WGA,TR 

C0MM0N/MTSC/MU,G ,FEAS(Z> 

OPMMON/SFPV- H/SRPS, MS, E , SISP, SEPK , SP , TSEP 
COMMON /CUT P/ TD,TU, HCO, ICOS , MPT , TLFF T , M OT , N TUGS 



oo ooo ooo 


r0MM0N/n2/T's 

COMMON/SFRVT^/MSPRV, niHFTA( 10 > ,MPL*^ (10) , VS»^RV 

PFAL MDLS 

PE At MHT, MPT,MPTSV,MPLRfMPTSVl,T5^PS,KPL A 

REAL MU 

TNTEf^ER EPPLf; 

S-APCH INPUT PAPftMETERS FOP MISTAKES 

IERR=0 


IF 

( 

REUSE (1) 

.LT, 

0.5 . 

AND . 

SEPK .GT. 

0.5 ) 

GO TO 

160 

IF 

( 

REUSE (1) 

.LT. 

C.5 . 

AND . 

MPL8 .GT. 

0.0 ) 

IFRR = 

15 

IF 

( 

SEPK .LT* 

0 .E 

.AND. 

MPLB 

.GT. 0.0 

) lEPP 

= 16 


IF 

( 

lERP .F(3. 

0 ) 

GO TO 

5 






MPtn-O.O 
PRINT 1002, TERR 

5 continue 
PTINC=50Q. C 
HCO=160. 

TU=0. 0 
TS=0. 0 
TD=C, 0 
IC0S=2«,5 
TG = G 
SG = G 

IF (NFXTT .GF. 1 ) GO TO 10 

INITIALIZATION CALCULAT ATIONS 
C = SISP * 9.30621 

MOT = ( F» P » 4.i»09246 ) / i C, * C ) 
TLFFT = TSFP 

MPT = 36400.0 ♦ MOT ♦ TLEFT 

TSAVE = TLEFT 

MPTSV = MPT 

RTCAP = 0.0 

PTCP9V p O.G 

INTTIALTZATION COMPLETE 
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C 

10 NTUGS = 1 

KTHocc= 0 PET)n3 

TF ( ERFLG .FE, 1 ) go to ?G 

NO - SAVE PRCc^rfjT CONDITIONS 

MPTSV = MPT 
TSftVE = TLEFT 
ptC^FV = PTCAP 
GO TO TO 

ERASE - 

?0 TLEFT r TSAVE 
ppINT 1050 
MPT = MPTSV 
PTCAP = RTCPSV 
FRFLG = C 

OK - NOH SEE IF «>AYLOAO TO RE RETRIEVED, IF 
ANY, CAN RE BROUGHT DOWN 3Y A NEARLY 
EXPENDED SEPS. 

30 IF ( MPLB .LT, 5 ) GO TO 40 
TF C SEPK .LT, O.G ) GO TO 40 
IF ( MPL0 ,GT. RTCAP ) GO TO 40 

INITIATE A TUG FLIGHT TQ RETRIEVE PAYLOAD 
AND THE NEARLY EXPENDED SEPS. 

HPLB = 0 ,0 
RTCAP =0.0 
MTUGS = 2 

NOVI TPY TO PFRFORM THE REMAINING MISSION 
WITH THE PRESENT SEPS 


C 


40 CALL SFPIM ( MPL A , MPLB , C ,NE XT T ) 



OOO ono C5 000 oooooooo 


SEE IF TT PE DONE - CK - ?,4*7 NO 

IF f NEXIT ,LT". 8 ) GO TO PO 

ITS NOT rOMCLUSTVE - OONTTNUE 

OFTEPMINE THE MAX HEIGHT THAT THE 

"OPFSENT SEPS CAN PFTPIEVE AND RETUPN ITSELF 

TO EARTH, 

IF ( KTHPEE ,EQ. 1 ) GO TO 130 

MPTS71=HPTSV 

TSAVl-TSAVE 

IF ( RTCAP ,LE. 5) GO TO 50 
NTUGS =2 
50 RTCAP=0,0 

IF ( SEPK .IT. O.E ) GO TO 75 

NOW RETAIN THE ORESENT SEPS AS A NEARLY EXPENDED SEPS 
AND DETERMINE ITS RETREIVE CAPABILITIES 

PTCAo=RTINC+10.0 

60 CALL SEPIM ( 0 . 0 ♦PTC AP , 1 , NE XIT ) 

IF ( NEXIT .LE* E .OR, NEXT! ,EO. 9 ) GO TO 100 
IF ( NEXIT ,EO. 7 .OR. NEXIT .EQ. 9 ) GO TO 70 
MPT = MOTSVl 
TLEFT = TSAVl 

ptcao=rtcap+rttnc 

GO TO 63 

IT CAN NO LONGER DO IT - INITIATE A NEW SEPS 

70 RTCAo=RTCAP-RTINC 
75 TL'^FT=rT<5FP 

MPT r TEFP ♦66400. G * MOT 

CHECK ON THE N^^APLY EXPENDED ONE 

IF { MPLP .LT. 5 > GO TO PO 
IF r MRLR .GT, RTCAP ) GO TO BO 


PED03 


C 
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THF PAYLOQD TO BE RETPTEVED IS WITHIN THE 
CAPABILITY OF THE NEAPLY EXPENDED SEPS. 
INITIATE A TUG FLIGHT TO PETPTFVE PAYLOAD 
AND SEPS. 


MPLB = 0 .a 
°TCA^ = 0.0 
NTUGS = NTUGS ^ 1 

CONTINUE - SEE THF PAYLOAD TO PE DEPLOYED CAN 

BE TAKEN UP ON INITIAL FLIGHT OF NEW SEPS 

AO CALL SEPIH ( MPL A ♦ 0 t 0 ♦ NE XIT ) 

IF ( NEXIT .GT, 4 ) GO TO 110 
IF ( NEXIT .GE. 3 > GO TO 90 

CONTINUE • S*^E IE THERE IS A PAYLOAD TO BE RETRIEVED. 
IE t MPLB .LE. 5 ) GO TO 90 

CAM PAYLOAD TO BE RETRIEVED BE TAKEN ON SUBSEQUENT 
SEPS FLIGHT 


CALL SEPIH (fltMPLB,C,NEXIT ) 

IF (NEXIT .LE, i* .OP. NEXIT .EQ. 10 > GO TO 120 
IF ( NEXIT .GE. 7 > GO TO 90 
NTUGS = NTUGS + 1 
90 continue 

IF ( NEXIT .FQ. T ) go to 95 RE003 

PRINT 10 30 »HTSSN ,MPLB* MPLA, TO» T(J,TS ,MSFRVtHCOt TCOS* TLEFT^NPT , NEXIT 
X, NTUGS 

IF ( KTHREE .EQ. 1 ) GO TO 96 RE003 

PETURN 

95 IF ( KTHRFP .EQ. 1 ) GO TO 130 RE003 

KTHREE=l PE003 

NSAVE=NSERV RED03 

rsSV=TS PFD03 

NSERV-0 PED03 

TS=0. 0 RFD03 

WlSV=MPLa RED03 
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W2SV=Mi^LP REn03 

MPL ft= 0 ♦ 0 PE003 

PEn03 

r,0 TO 40 PF003 

P6 TP ( NPXIT .«^Q. 4 .OP. NEXTT , GE , 7 ) GO TO 130 PE003 

NSERV=NSflVE PE003 

TS=TSSV PEn03 

MPLft=WlSV RE003 

Mt>t_q=W2SV REQ03 

KTHREE=0 PE003 

GO TO 40 PEn03 

ERROR CONOTTrONS »»* 


I 


100 TERR = 1 
GO TO 150 
110 TERR = ?. 

GO TO 150 
120 TERR = 3 
GO TO 150 

130 IERR=4 RF003 

150 RRTNT 1000 ♦ IERP,NEXIT 
STOP 

150 TERP=10 

RRINT lOGltlERR 
RETURN 

1000 FORM/^T (iHn,T33»12H»^*»» ERROR ,I3,45H IN SEP EXEC - INCORRECT LOG 
XIC FLOW. NPYIT =,I3 ) 

1001 FOPM^\T f20X,*-IN°UT ERROR OETECTED IN SEPX» PROCEED TO NfEXT 

X OftTA CASE^) 

100? FORMAT (2QX,*-Xn«^UT ERROR ^,12,* DETECTED IN SFPX, MPL8 HAS BEEN S 
XET TO 7'^R0») 

1030 FORMAT fT13,I2,4V,F7.1,2X,F7.1,lX,F6.2,2X,r6.2,lX»F6.2,*(»tI2,*>»t 
V?X,F7,l,2X,f^4.1,?X.F6.2,2X,F0.2,4X,I2,4X,T2) 

l^FG FORMAT (20X,*-D(^frvTnUS MANEUVER HAS BEEN ERASED-^) 

END 
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SUBRTtfTINF FA7S 

prproRMS SEPS PHASING^ ASSUMI^JG CON*5TANT SEP THRUSTING* 

inputs: ns^rv=number oe sepvice legs. 

C)THETA= ANGULAR TRAV'^L (DEG) OF EACH SERVIGE LEG. 

MPLS= PAYLOAD (LBS) ON EARN SFPVICE LEG. 

PSEPV, \/SER\/= PERIOD (SEC) AND VELOCITY (MRS) OF SERVICE ORBIT. 
outputs: MPT= FRUL REMAINTG AFTER PHASING (LBS). 

TLEFT- TIME REMAINING ON SEPS AFTFP PHASING (DAYS). 
COMMON/SEPVFH/SEPSf MStEf PfSTSPtSEPK^SRfTSEP 
C0N|M0N/MISC/MU,SG,FFAS (?) 

rOMMDN/OUTP/ TO,TU,HCO, TC0S,MPT,TLFFT ,M0T,NTUGS 
COMMON/S FRVIS/NSERV ,OTHETA(1Q)^MPLS<10)< PSERV» VSFRV 
GOMHON/CS/TS 

REAL MS, MPT, MOT, MPLS, MKG 
REAL MU 

F=(MOT»B.80G?1*SISP) /2.? 04623 
rDNSYi=( 3, Q¥C¥osrRV) /(4. O^VSERV) 

TS=TLEFT 

no 100 N= 1 ,NSERV 

MKG=( MS^'MPT+MPLS (M> ) / 2. 2 0 4623 

PEV=S(^RT ( (MKG'f OTHETA (N)) / <360.*CONST1>) 

TLEFT=TLFFT- ( (REV^PSERV) /864Q0 ♦ ) 

MPT=HPT-(MDT^9EV*PSERV> • 

100 CONTINUE 

ts=ts-tlfft 

return 

FNO 



to 

I 

00 


C 

C 

C 

r. 

C 

c 

c 

c 

c 

c 

c 

n 

c 

c 

c 

c 

c 

c 

c 


r 

c 

c 


SUP^OUTTNE ^EPIM {MPL/i,MPLR,KSC‘P,^!EXTT) 

SFPIM THIS SUBROUTINE CONPtJTFS THE PERFORMANCE 
OF THE SEPS ON Q DEPLOY MISSION, 

SPRCIPir INPUT 

MPLA PAYLOAD TO BE DEPLOYED 

mplb payload to be retrieved 

KSEP ERASP FLAG 

3 = DONT erase PPIEVIOUS MANEUVER 
1 = ERASE RRIEVIOUS MANEUVER 
NEXTT SET TO 0 PRIOR TO ENTRY 

OUTPUT 

NEVIT type of EXIT FROM SEPS IF MISSION POSSIBLE 
NTUGS NUMBER OF TUG FLIGHTS PEOUIRED TO 

no THE MISSION AND RETURN '^XPENOED SEPS, 

TF ANY, NTUGS WILL BE BETWEEN 1 AND 3 
TI.FT TIME AND FUEL REMAINING ON SEPS IN ORBIT 
HPT 

COMMON/SRPVEH/SrPS,MS,E,P,SISP,SERK,SR,TSEP 
COMMON/OUTP/ TO ♦ TU, HCO, ICOS, MPT, TL EFT, MDT, NTUGS 
COMMON/MTSC/ MU, SG, FEAS ( 2) 

COMMON/TABLE/TUGOV(20) 

C0MMnN/TUGVEH/TYPF,NSTG,SPAR(3) ,WS(3) ,WPA(3) ,EISP(3) 
y , REUSE (3) ,WGA ,TR 

COMMON/SPRVIS/NSFOV, OTHETA( 10) ,MPLS (10) ,PSERV, VSERV 
HPLA , MPLB t MS , MPT, MR TUG, HCO, ICOS 
REAL MPLS 

REAL MOT 
PEAL MU 
TS=0.0 
TU = 0. 0 
T0 = 0, 0 
HCO=160. 
tcns=?B,E 

<^IRST test if THERE IS A SFPS AVAILABLE 
TF ( tlffT ,LT. TSEP -,0G1 ) GO TO EO 



w 

vO 


C 

C 


C 

c 

c 


c 

c 

c 


c 

c 

c 


c 

c 

c 

c 

c 

c 

c 

c 

c 


c 


NH - ITS A NSW SEPS 

TLPPT = TSPo 

MPLft 5s MPLft + MS + MPT 

WPLS = n,n 

CAUL TUGCP TO OETFRHINE TUG CAPAPILITY 

CALL TUGC^ < WPL A,WPLB ,MqTUG, HVTUG) 

IF (nVTUG ,LT. TijGnvdl) ) GO TO ID 

TUG DFLIVFRS SEPS AND MPLA TO SYNC EQ5 

TLPFT = TLFPT 
TU - D,0 
TO = 0.0 
HCO=l93E3. 

icos=o.o 

IF (NSEPV.GT.O) CALL FA7S 

NEXIT = 2 

PETUPN 

NEXT CHECK IF ITS CAPABLE 

10 NEXT! = 3 

IF < nVTUG .LT. TUGOV(l) ) RETURN 

ITS OK - CONTINUE DETERMINE CHANPOVER ORPIT 

CALL TNTOPB (DVTUG, HCO, ICOS) 

OETEPMTNE TH^ SEPS DELTA V 

CALL SEPO V (HCOtICOSt DVSEPrMRSEP) 

PERFOPM UP LEG AND PHASING 

CALL PLUPD (MPL A,MP$EP, TU ) 

TP (NSFPV.GT,n> CALL FA7S 



o o t-' c: o e u c e o c> o o c o c o <_ 


C SET NEYTT ANH TEST IE TH^RE TS FUEL REMAINING 

C 

NEXIT = 1 

TE ( MOT . GE . 0.0 ) EETU^N 

SE*^S CANNOT CELTVER THE OAYLOAO - SET FLAG AMO ABORT 

MEXTT = A ' 

RETURN 

THIS entry point for se^s avatlarle 
IN SYNC EQ. ORBIT 

?0 WPL8= MPL9 + (KSEP^SEPK’^MS> 

WPLA - MPLA 

DETERMINE THE TUG CAPABILITY 

CALL TUGCP (WRLAtWPLB,MRTUG,OVTUG ) 

TE ( OVTUG .LT, TUGDV(13) ) GO TO 30 

NO - TUG ALONE CAN OELIVEP ANO RETRIEVE 
PAYLOADS TO SYNC EO ORBIT 


tu = o.a 

TO = 0.0 
HCO= 193 ? 3 . 

TCDS= 0.0 

TE (NSERV.GT.O) call EA 7 S 
NEYIT = E 
RETURN 

TUG ALONE CAN NOY DO IT« CHECK IE ALL OK 

30 NEYTT c 

TE ( DVTUG .LT. TUGDV(l) ) RETURN 

TTC OK - CONTINUE 
D n'^TFRMINE CHANGEOV-P ORRIT 

call TNYORR (OVTUG.HCO, icos ) 



no ODD O O O O O O 


CALL SFPOV (HCn ,ICOStnVSFP,MRSt^P) 
C«\LL PLtPO (MPL'^,Mc«SFP, TQ ) 


SET UP flNfD CHECK CCHSTPATHTS 


kIEXTT - 

IF ( HPT .LT. O.C > RFTUPN 
IF ( KS-P .FC. 0 ) GO TO 40 

SFPS PET^IEVED ALONG WITH PAYLOAD 


TU = 0.0 
NFYTT = 10 
PETUPN 


C 


CONTINUE process 

40 CALL PLUPC (HPLA,MPSEP, TU) 

TF (NSFPV.GT.O) CALL FATS 
NFXIT = Q 

IF ( HPT ,LT. 0.0 ) return 

MISSION COMPLETE 

NEXIT = F 

RETURN 

PNC 


o o o o r> o o o o 




TUGCP (WPLA, W0LB,MRTUG,DVTUG ) 


TiJGGo - CaLlS THS APORnPRIATE: TUG EOllATTONS, 
t AT PPEGSNT - ONLY npTTOU TS SINGLE 
STAGE CPYOGENIC TUG. ) 


CALL C^^YOl ( WPL A,VIPLR,MRTUG,DVTUG) 

OCTURN 

PNG 


SUSRGUTIME CRYQl (WPLA , WPL MRTUG, OVTlJG ) 

PRYOi- FINOS THE DELTA V CAPABILITY OF A 

SINGLE STAGE TUG WITH PAYIOADS WPLA AND WPLB. 


snMHON/TUGVEH/TYPF^NSTGt SPAP( 3) ,WS(3>»WPA<3)»EISP(3) 
y , REUSE (3) , WGA ,TR 

COHMON/HTSC/MU, TG,FE AS ( ?. > 

pfal mu 

PEAL MRTUG 

WO=WPA(l) 

IF ( ( WS ( 1) ^WPA (1 ) +WPL A) .GT , WGA) WP = WGA-( WS (1> 4.VJPLA) 
MRTUG = (WP+WS (1 ) 4-WPLA ) / (WS (1) +HPLA) 

IF (PFUS^(l) .LT.O.S) GO TO IQO 
P7 = WS ID +WS( 1) -fWPLA + WPLP 
nz=-WP* (VIPLP^WS ( 1) ) 

WPl = ( -37 + (C( B7*B7) -( 4.G^C7>) »*0.E> )/ ?.0 
MRTUG = I WPl-i-WPLP^^WS (1 > ) / I WPL P + WS 1 1 ) ) 

10 3 ALMR= ALOGI MRTUG) 

nVTUG-TG*^FTSP ( 1) *ALMR/ (TRVD 

PPTU'^ N 
FNO 



o o o 


^Unt?Oi)TTNF r M^L U, T ) 

^LUP *• Cfl^RT-S SEPS PAYLTflT UP 


nOMMnN/$FPVEH/SP.»S,MS,E* Pt?TSP,S'^PK,SP, TSPP 
nOHHnN/OUTP/ TO,TU,HCO, ICDS,MPT,TLFFT,M0T,HTUGS 
PFat MOT,MPLUtMPSFP,MPTl 

MOTl = (( MPT + MS + MPLU > / MRSFP) - (MSfMPLU) 
T r (MPT - MPTl ) / (?64Q0.0 * MOT) 

TLFF^ = TLFFT - T 
MPT - MPTl 
PFTUPN 
FND 




U) 



D o o o o o o o o r> o r> o 


J MF SE^nv (HCn, iros , DVSEPt MPSEP > 


n 


CCDHV - CALCUL'STES THE PEOMIREO SEP DELTA VELOCITY 
NFEn-0 EOP SYNC -Q . AND TH^^ CORR p SPONO IMG 
MASS RATIO. 


TN^UT 

HCO ORPIT ALTITUHE 
ices INCLINATION 

OUTPUT 

OVSEP THE SPP DELTA V 

hrsep the mass ratio 

COMMON/SFPVPH/SEPS, ms, E f p,SISP,SEP<, SP,TSEP 
COMHON/MTSC/MU,SG,pEA$(?) 

PEAL HCO, TCOS,MU,HS, IC0,MRSEP, MOT, MPT, MS 

HS = 19323.0 
MU - 1.4CT6-333 16 

PE = 3443. 930S 


SET UP CONSTANTS 

PCO = (HCO +RE ) ^ 6076. 1165 
VCO = (MU / PCO) .5 
PS = (HS + RE ) * 6076.1155 
VS = (MU / PS ) »^C.5 

ICO =(ICnS / 57.295779513)^1,570706326794 
CTCO = COS (ICO ) 

OVSEP = (( VCO^VCO) f(VS*VS) -((VS +VS)* VCO» CICO) )*^.5 
PXP1= DVSEP/ (SG*STSP) 

MPSEP - EXP(EXPl) 

PETU'PN 

END 



o o o 


TNT0P3 (DVTUG,HCn,ICOS ^ 


bd 


U 1 


C 

C 

r 

c 

c 

c 

c 

n 

C 

C 

r 

C 

C 


c 

r 

r. 


T^jTnOQ - ftNj TNIFC?O0L?\TinM SCHFMF TO ngTFPMiN^ 
THE Optimum CHANGEOVFp fll^TTljnE 

ftMO IHOLIKaTION, 


TM^UT 

nVTUG - TUG DELTA V 

OUTPUT 

HOC ALTITUDE OP DHANGEOVER ORRIT 
ions INOLINATTON OF CHANGEOVER ORRIT 


f'OMMO N/TARLE/TUGDV( ?0> 


niHENSIOK 



ALT(?Q) ,INO(20) 

^F.&l 

Tens 

,INC,HCO 

OAT A 
y 

Y 

TUGDV/ 

i0?95,74,10e00. 0,1090 0,0, 1120 0.0 t 11500. G, 

11500.0. 1 21 00. 0fl?4 30. 0»1 270 0.0,13000.01 

13300.0. 13600.0.13835.17, 7* 0.0/ 

OATA 

Y 

Y 

ALT 

/ 

8000.0. 8000.0.8000.0.8300.0.8000.0.5500.0 
9503. n,lG500. 0,11500.0,13000. 0, 14500 .0, 

17000.0, i‘^000 .0, 7»0. 0/ 

DATA 

Y 

TNG 

/ 

28.5,19.6,15,8,12.8,10.14,8.86,8.52,7.67, 
6. 4, 5. 5, 3.87 , 2.45 , 8* C.C / 


f 


TEST THE AND LOW^R ROUNDS 


tOVTUG .GE. TUGDV(l>)GO TO IG 
OVTUG = TUGOVd) 

ORTNT too 
GO TO IE 

jO tf nVTUG .L"^, TUGOVdT)) GO TO 15 
nVTUG = TUr,nv(lT) 

PRINT ilO 


p"INO the range of delta 7 


1,5 no ^0 NRl r7,iT 

TF (nyTi;r, ,L>='. TUFDV (tsjpi ) ) n 0 TO TO 



o o 


CONTI MU^ 

IF L^OP IS FV'JSTFn 
C 

° R T NT 1 ?^: 
optU^N 

C FOUND TMF P/JNG*^ COMPlJTF THE 5LT AND INC. 

30 \)on - NPl - 1 

F^PAC ~ ( nVT'JG - TUGDVfNPO ) ) / (TUGDVfNPl) - TUGnV(NPO >) 

HCD = ALT(MPO ) + Ff^AC^ (ALT(NPl) - ALT(NPD )) 
inns = TNCfNPO ) + FPAC^ (INC(NPl) - INC(NPO )) 

PETU=^N 

110 FORMAT pPROR • DVTUG HAS REEM tmcpEASED TO A MINIM 

YUM VALUE. 

110 FOPMIT (T13,68M^»^»* ERROR - DVTUG HAS RFEN DECREASED TO A MAXIM 
YUM VALUE . *>^*»*) 

1?0 POPMAT ( TIG, FATAL PPORLEM IN INTDPR, ADOPT 

^NO 



APPENDIX C 


Sample Output 


For this Appendix the SEPSIM subroutines were attached to a simple driver 
program and run in the batch processing mode. The basic input parameters 
are listed at the top of the output sheet. For each mission number (repre- 
senting separate calls to SEPX) the input values of deployed and retrieved 
payload weights are printed along with some of the output results for that 
case. The output includes the time spent by the SEPS performing descent, 
ascent, and servicing maneuvers (the input value NSERV, the number of 
servicing legs, is shown in parenthesis), the altitude and inclination of the 
optimal intermediate orbit, the time and fuel remaining on the SEPS after 
performing the mission, the exit type (NEXIT), and the number of Tug 
flights required to support that mission. 

In the output sample it is significant to notice that Tug/SEPS capability is 
sufficient to perform all the missions (EXIT = 1, 5, or 6), In mission 8, 
the input value ERFLG has been set to 1 so that mission 7 is erased and 
replaced by mission 8 (which, in this case, is identical to mission 7), On 
mission 11a new SEPS is launched (EXIT = 1) since the old SEPS fuel is 
nearly exhausted. The old SEPS is not immediately retrieved (note that 
TUGS = 1), but waits in synchronous orbit for a payload small enough for 
it to retrieve. The input for mission 13 includes ERFLG = 1 causing mission 
12 maneuvers to be erased and replaced by mission 13 maneuvers (the only 
difference is the addition of 2 servicing legs). By mission 16, SEPS #2 has 
become exhausted, and SEPS #3 is launched (EXIT =1). SEPS #2 remains 
in synchronous orbit waiting for a small retrieval task and SEPS #1 is 
returned to earth in a separate Tug flight (TUGS = 2) for refurbishment. 

The performance of mission 18 requires three Tug flights (TUGS = 3). In 
one flight, SEPS #4 and a 6080 lb satellite are launched. SEPS #4 delivers 
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the satellite and performs the five required servicing tasks. In the second 
flight, SEPS #2 is returned to earth for refurbishing while SEPS #3 remains 
in synchronous orbit. In the third flight, the Tug ascends unladen to a 
10623.7 nmi circular orbit where it receives a 4585 lb satellite retrieved 
from synchronous orbit by SEPS #4. The Tug returns the satellite to the 
Orbiter and the SEPS #4 ascends (unladen) to synchronous orbit. Since only 
one line of output has been allowed for each mission, it is this last Tug/SEPS 
flight which is reflected in the output (hence EXIT = 5). Similar situations 
arise in missions 21 and 25. 

The above 25 cases were executed (including compilation time) in less than 

0. 75 sec of CDC 7600 computer time. The amount of fuel remaining on the 
SEPS has been accurately tracked and Tug flights initiated as required to 
support the missions. 

The driver program used to generate the above cases has been given the 
acronym of PRFORM and its listing is shown after the sample output cases. 
Program PRFORM acts as a driver routine for the following Tug stage 
configuration performance calculation routines; 

1. Two liquid stages in a "slingshot" mode of operation (SSHOT) 

2. A single stage liquid vehicle (SSLQD) 

3. A liquid stage and a solid kick upper stage (TRNKC) 

4. Tug operations using a solar electric propulsion upper 
stage (SEPSIM) 

To access the SEPSIM portion of code using the PRFORM driver routine, 
it is necessary to set the input variables via a NAMELIST input as 
specified in the USAGE section of this document (Page 5), In addition, 
the variable "SEPS" must be set equal to 1 to indicate that use of the 
SEPSIM code is desired. When running the program in the batch mode, 
the last input data case should be "NSTG = -1. " This causes the program 
to cease operation with no error conditions. 
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^cro V^HirLFt HS F ^ ISP TSF° SFPK 


?F0C. 0 

,67Q 

210 0 0. C 

■»GD0 .C 

UOO.O 

l.OG 

T'JG vehicle* type 

ws 

WPA 

WGA 

FISP 

REUSE 

R» FT CENT 

=■676, 

0 LGG9U.0 

f FOOG , 

0 427.71 

1.00 


CTNSTflNTSt MU SP TP 

.lU?]7e,[3^'^<iFH7 3?.17?5 O.CC *01 

NFXTT rnnF* 

1 = A NEW SFPF IS UAUNCHEH AND PFPPOPMS THF MISSION 

Z - TUG ALONC pc'LT'/FPS MPLA ANO NFH SFPS TO MISSION ORBIT. ('>HASTMG OOME SEPS) 

5 = TU^ cannot OELI'/FP MPLA *■ NEW SEPS TO MIN. ALT, 

L = NFW SFPS rBNNOT DFLIVFP ^PLA. 

S = SFPS ALPEflOY IN O’^niT PERFORMS MISSION, 

S = TUG ALOMF PFPFORMS DEL AND PFTR, PHASING DONE BY SEPS. 

7 = TUG CANNOT DEL AND PFTR PAVLOAOS TO MIN, ALT, 

B = SEPS ALPEPOY IN OPBIT CANNOT COMPLETE pETP. 
q = SFPS ALPFAOY IN ORRTT CANNOT COMPLFT’^ OEP. 

10 = SFPS TS PPTR along WITH MpLO 


0 

1 

LO 


OUTPUT RESULTS* 


MTSSinN 

SAT. WT 

.(LBS) 


TIME 

(DAYS) 

NO, 

P^TP 

OF PLOY 

DOWN 

UP 

SERV 

1 

0.0 

IQQia .0 

0.00 

135,33 

9.00 ( 

2 

O.P 

P1G« . 0 

IB. 23 

57,17 

3 .00 ( 

3 

9.0 

BS72.0 

14.45 

45,97 

0 . OOf 

U 

D .C 

P42R.0 

12.57 

43.50 

n . 90 c 

5 

0.0 

34RG.0 

0.00 

0,90 

0.00* 

F 

0.0 

3974 ,C 

o.co 

0.00 

O.OOf 

7 

o.n 

422B .0 

l.OC 

0.0 0 

9 . 00 ( 


-PREVIOUS MANEUVER HAS 

BEEN franco- 

S 

0.0 

422B .0 

0.00 

0.09 

0. oot 

Q 

B 00. 0 

394»^ .0 

5.72 

10.35 

0.00* 

to 

O.Q 

14BB.0 

0 .00 

0.00 

0.90 * 

u 

o.c 

S9SQ ,C 

Q.flO 

112,06 

o.oct 

12 

27i^7, 0 

9500.0 

El. 00 

114.89 

n , 00 ( 


-PREVIOUS MANEUVER HAS 

BEEN ERASPO- 

n 

27 1^7,0 

9500.0 

51.0 0 

114.89, 

19.40 < 


INT. ORBIT RESIDUALS 



ALT INC 

TIME 

FUEL 

EXIT 

TUGS 

0) 

P 3 0 0 , 0 

11.1 

264 ,67 

1639. 17 

1 

t 

0) 

12S66.6 

5. 8 

189.26 

1172,16 

5 

1 

0) 

13217.7 

5.3 

127,83 

791.71 

c 

1 

9) 

13376,5 

5.1 

71.76 

444, 46 

5 

1 

0) 

10323. 0 

0.0 

71.76 

444.46 

6 

1 

9) 

19323.0 

0.0 

71.76 

444.46 

6 

1 

0) 

1°323.0 

o.c 

71,76 

4 44 * 46 

6 

1 

01 

19323.0 

0.0 

71,76 

444 . 46 

6 

1 

9) 

16994,1 

2.5 

55,69 

344.92 

5 

1 

0) 

19323,0 

O.C 

55.69 

344.9? 

6 

1 

0) 

8397,5 

9.1 

287.94 

17 83,29 

1 

1 

01 

8079.3 

9,9 

112.05 

693,95 

c 

1 

2) 

8079,3 

9.9 

101.65 

629.53 

5 

1 



C-4 



7"^73.p 

3475.0 

43.35 

41.43 

0,00 f 

0) 

1C057.2 

8.0 

16.31 

101.04 

5 

1 

IF 

{J . 0 

276F.0 

O.OG 

0.00 

O.OC t 

0) 

19323.0 

o.c 

16.31 

101.04 

6 

1 

IF 

o,a 

A3F? .0 

0.0 0 

99,55 

0 , flC { 

0) 

3960,6 

8.7 

3CC .35 

1360.19 

1 

2 

17 

F^l?, 

7470. ,c 

117.7: 

127,2: 

0 . QQ ( 

0) 

8000.0 

17.5 

55.46 

343.47 

5 

1 

! fl 

4^ . a 

FO'^O .0 

*^4,07 

24,93 

21.15( 

5) 

10623, 7 

7.5 

213.85 

1324.43 

5 

3 

l<i 

1U05.0 

&03Q .0 

24, Q5 

45.12 

0 . CO ( 

Q> 

12016,9 

6. 1 

142.77 

684.26 

5 

1 

’0 

O.G 

q40G .0 

IF. 59 

57.20 

0,00( 

01 

12315,6 

5.9 

69,98 

433.43 

5 

1 

?1 

3740.0 

32=0, c 

23,75 

16,02 

o.ocr 

01 

13346,0 

5,1 

257.62 

1595.51 

5 

3 

2? 

7 7?, f5 

10010.0 

31.00 

37.44 

0, 00( 

01 

10236.2 

7,9 

139.18 

861.96 

5 

1 

23 

0 . 0 

10043.0 

17,13 

66.43 

n . 00 ( 

01 

11630.5 

6, 3 

55.51 

343,78 

5 

1 


0.0 

7537 ,c 

3.87 

31.73 

0 . 00 ( 

01 

14258.0 

4, 1 

14,90 

92,29 

5 

t 

2F 

1F5/.C 

747fl ,C 

O.OG 

O.OD 

o.oor 

01 

19323,0 

O.C 

316.73 

1961,62 

6 

3 



0 

1 

ui 



PPfn^H <TNPUT,0UTPUT, TAPF5 = IMPUT,TaPF6=0l)TPUT> 
CnHM0M/TUGVEH/TyPF,MSTG,SPAP(3) , WS ( 3 ) » WPA ( 1) , F Tf P ( 3 ) 

Y ,RFUSF(3)*WGfl,TR 

C0«M'^N/mTSC/MU»G»F'^6FCP> 

COMMON/SFPVEH/SEPS, HS*E» P<STSP,S-P«< ,SP, TSFP 
COMMTN/SERVTS/'^SFPV,PTHETA( 1 0) fMPLS <10) * PFc-p v , VSERV 
ro*<>^GN/ri/MisSM 
^TMEMSION nVLEr,(ir),PLEG(10) 

TNTFGFP FPPt.G 
TNTPGEP SEPS,St»AP 
PEAL MG*MU,MPLA,HPLPtMPLS 
PATfl ^PPLG/0/ 


DATA Tvpc/iOH?^ FT HEMT/ 

DATA NSFPV/0/ 

DATA oSEPVtVGFRV/86165. t 3074*66/ 

nameitst/input/type*nstg,spar,hs,hpa,etsp,pfusf,wga,tp 

Y ,NUEGtOVLEG,PLEG 

Y ,<^FP!i»M5, E,P,SISPtSFP<,SR,TSEP 


X 

X 

X 


,MPLA,MPtR 

,NSERV,OTHETA^MPLS,P?EPV, VSEPV 
, EPFLG 


VFXTT = 0 

missn = 0 

HU=1. 40Tf53ftA E16 
G = 3?. 1725 
5 READ (5, INPUT » 

TP (NSTG *UT, D) GTOP 


PERF - SETS UP AND CHOOSES THE SPFCIFIC 

PERFORHANCE SUBROUTTNE TO BE EXECUTED 

SSHOT - SLINGSHOT - LIDUTD UPPERS 
SSLDD » SINGLE STAGE LIOUID 
TRNKC - TRANS KICK - SOLID UPPERS 
SEPS SIMULATOR. 


C 


16 

IF 

t 

17 

TF 

f 

23 

PALL 

2S 

CALL 


SEPS *NE* Q ) GO TO 40 
NS'^G *GT, 1 » GO TO 10 
FA70 <nVLPG*PLEG* KL^G) 
SSLOD (DVLEG,pLEG,NL^G) 
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^0 GO TO 50 

31 10 no 20 I = 

37 IF (SP4P(I> 0 ) GO TO 30 

40 ?'> CnKjTTNU'^' 

42 CfiLL Ffi70 « D VL i^G , ^LFG , NL<^G ) 

44 CaiL SSHOT (0\/LFrMPLEG,NL‘=’G) 

4 7 GO TO 50 

50 30 OStL T'^MKC <DVL'^G,PL-G,^.‘l.-r, ) 

5 3 on TO 5? 

54 40 IF { MTSSN .GT, 0 ) GO TO 45 

57 Dt^INT 1010 , MS,F,P,SISP,TSFP,SFPK,TYD^*WSfl),WPa(l),WGA 

V ,'^ISP( 1) ,9FUSF Cl) ,Mtf,G,SP»T(? 

126 PRINT 103G 

132 PRINT 1020 

136 45 mi«5Sn = MTSSN f 1 

140 CftLU SE^y CHPL6» MPLB , ErfL G ♦ NEX IT ) 

14 3 GO TO 3 

144 50 OONTTNUF 

144 WRITE C6»10 00 ) NSTG, (W5(I> ,1=1,3 I, <«» A < J ) , J = 1 , 3 > , 

X CFISP(K) ,K=1, 3) , CPF'JSF (U ,t=l, 3) ,WGfl, 

X NLEG, CnVLFGCI) ,T=1,10) , CPUEGC J) , J =1, 10) , 

y SFPS, (SPftPCI) ,I =1,3) , FFAStl) ,FEAS(2) 

20 4 GO TO 5 

1000 FORHAT (IHl,/// T2C,*NSTG s*,I3,/ T30,»WS =♦, T4C,3F13.6 ,/ 

y T30,»W°A =»,T40,3F13,6,/ T3Q,»FISP =* , T4 0, 3F 1 3 . 6 ,/ 

y T30,*REUSE =»,T4Q,3CF13,6)/T30,»)IGA =*^ , T40 , F13 . 6 /// 

y T 20 ,^NLEG =*,I3,/ T30,»nVLF.G =»,T40,5F13,8,/T40,5 (F13,6)/ 

y T30,*PLFG =*,T40,5F13,6/T40,5 F13.6 ///T20,*SEPS =^,I3,/ 

* T?n,»SPAP =* 3110, /// T20,*OUTPUT =• 2F1Q.6 ) 

1010 FORMAT (IHl,/// T20,^SEP VEHTCLFt MS E P ISP 

y TSFP SEPK»,/ T34,F6,i,2X,F5.3,?XrF7. 1,2X,F7,1,?X,F5.1,4X,F4.2, 
y// T20,*TUG VEHTOLF* type WS WPA MGA EISP 

y REUSE*/ 

V T31,A10,2XiF6.1,?y,F7,l,2X,F7,l,2X,F7,2,3X,F4,2// 

y T20 ,*CONSTANTS? MU 

y r, SP TP*/ T30,E15,9,2X,FO,4,2X,F5,2,4X, 

X F4.2) 

1020 FORMAT (IHC,/ T3Q, *nuTPUT P FRUL TS t • / /T 10 , *MI 5ST ON SAT. WT.(LBS) 

y TIME cnavs) INT. ORPIT RESIOUALS*/ T12,*N0. 

V P-TR DEPLOY DOWN SERV ALT TNG TIME 
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205 


Y PXIT TUGS»> 

rnpMiM(?cy,^wEYiT T ODE j » /2 ?x f ♦ 1 = A nf:w s*:PS is; launched and PERF 
yr|pM$ THF MTF^^inN*, 2 = TUG ALON*^ DPLIVFPS MPtA AND NEW SFPS T 
XO MISSION OPPTT, (PHASING OONF 9V SF^S ) * ♦ / ?2X » "^3 = TUG CANNOT DFLI 
y\f^R molA + new SF^S to MTN. ALT,*,/2?X*^4 = NFM SFPS CANNOT DELIVE 
y=> MPt a**,/22X,-*5 = SFPS ALPFAOV IN OPRTT PFPFn«?MS MI SSI ON. • * /22 X , » 
XF = TUG alone PPOPOCMS DEL AND RFTR, PHASING DONF RY SE^S . * * /22X , ♦ 
VT = TUG CANNOT DEL AND RETP PAYLOADS TO MTN. AL T . » , /?2X * *6 = SFPS 
VALRFADY in OPPIT CANNOT COMPLFTE RF TO , # , /2?X 0 = SEPS ALREADY IN 
XORPTT cannot complete OEP . , /22X ,* 1 C = SFPS IS PETR ALONG WITH MPL 

END 
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